Whether endovascular aneurysm repair (EVAR) for abdominal aortic aneurysm (AAA) is a relative contraindication in patients with preoperative renal dysfunction (Pre-RD), remains controversial because the contrast medium may induce nephrotoxicity. In this study 1658 patients were treated at ten Japanese medical centers between January 2005 and March 2011 (Open surgery (OS) vs. EVAR: n = 1270 vs. n = 388). They were retrospectively analyzed. Multiple logistic regression analysis (MLRA) with pre-and intra-operative variables was applied to all patients. The endpoints induced onset of new dialysis and postoperative renal dysfunction (Post-RD), were defined as a 50% decrease or more from the preoperative estimated glomerular filtration rate (eGFR) level. Results: Early mortality, Post-RD, incidence of new dialysis in all patients were 1.6% (OS: EVAR = 1.9%:0.8%), 6% (OS: EVAR = 8%:2.3%) and 1.4% (OS: EVAR = 1.5%:1.0%) respectively. MLRA identified operation time, clamp of renal artery as risk factors for Post-RD, and operation time and Pre-eGFR level as risk factors for new dialysis. Conclusion: Although Post-RD was more frequently observed in the OS group, MLRA showed that the choice of OS or EVAR was not a risk factor for Post-RD and new dialysis. It was strongly suggested that using contrast medium during EVAR is not a contraindication to AAA repair in patients with Pre-RD. (This article is a translation of J Jpn Coll Angiol 2014; 54: 13-18.) 
Introduction
For abdominal aortic aneurysms (AAA), replacement with prosthetic graft by laparotomy or retroperitoneal approach has been the gold standard, however, the number of patients treated with stent-graft implantation (endovascular aneurysm repair) has steadily increased since first reported by Parodi et al. in 1991. [1] [2] [3] [4] Compared with previous prosthetic graft replacement techniques, endovascular aneurysm repair (EVAR) has been shown to significantly reduce operative mortality rate, the frequency of perioperative complications, perioperative blood loss, required blood transfusion volumes, and duration of hospital stay, predominantly because of substantially lower degree of invasiveness of EVAR. 5, 6) However, EVAR has a number of limitations including a high re-intervention rate and an association with contrast medium-induced renal dysfunction. The prevalence of preoperative renal dysfunction in patients with AAA is reportedly approximately 10%, 7) with management strategies for the preservation of renal function considered clinically important. In patients undergoing open surgery (OS) for AAA repair, postoperative renal dysfunction may be induced by several factors including the clamp of renal artery, micro-embolization and intraoperative hypotension. The use of contrast medium is absolutely for EVAR, and represents a substantial limitation of EVAR, particularly in patients with renal dysfunction. In the present study, we evaluated the associations between OS and EVAR for AAA repair and postoperative renal dysfunction. Estimated glomerular filtration rate (eGFR) was calculated from the preoperative creatinine (Cr) levels and maximal Cr levels during the postoperative hospital stays. Postoperative renal dysfunction was defined as greater than 50% decrease in pre-operative eGFR. New requirement of dialysis during the follow-up period was also included as an indicator of severe renal dysfunction, in addition to postoperative renal dysfunction, with pre-and intraoperative variables related to both postoperative dialysis requirement and postoperative renal dysfunction evaluated using multivariate analysis.
Subjects and Methods
In statistical analysis, Student's t-test was used for the comparison of continuous variables between groups, and the c 2 test was used to compare categorical variables between groups. Multiple logistic regression was performed to assess the type of AAA repair surgery as explanatory variables, and postoperative renal dysfunction and the new introduction of dialysis as response variables, using multivariate analysis. P <0.05 was considered statistically significant. All statistical analyses were performed using JMP10 statistical software (SAS Institute, Japan).
Results

Comparison of preoperative factors
Preoperative patient characteristics and comparisons between groups are shown in Table 1 . Approximately 80% of patients included in the present study were male with no significant difference observed between the two groups. The mean age was significantly higher in the EVAR group (77 ± 7 years old) compared with the OS group (74 ± 8 years old). A significantly greater proportion of patients were aged over 80 years in the EVAR group (44%) compared with the OS group (25%). The diameter of aneurysm was significantly greater in the OS group (55 ± 11 mm) compared with the EVAR group (52 ± 10 mm). No significant differences were observed in New York Heart Association (NYHA) class, American society of Anesthesiologists (ASA) class, or smoking history between groups.
Regarding preoperative comorbidities, the prevalence of hypertension and chronic obstructive pulmonary disease were significantly higher in the EVAR group, but no significant difference was observed in the prevalence of diabetes mellitus, ischemic heart disease or preoperative renal function between groups.
Comparison of intraoperative factors
Operative time was 238 ± 92 min in the OS group and 160 ± 64 min in the EVAR group, demonstrating a significantly shorter operative time in the EVAR group (p <0.0001). Required blood transfusion was significantly less in the EVAR group (183 ± 479 cc) compared with the OS group (836 ± 950 cc) (p <0.0001). The clamp of the renal artery was required in 7.8% of patients in the OS group. The volume of administered contrast medium was 90.6 ± 30 cc in the EVAR group.
Comparison of postoperative factors
Postoperative factors are shown in Table 2 . Operative mortality rates in the EVAR and OS groups were 0.8 and 1.9%, respectively, with no significant difference observed (p = 0.0993). Regarding postoperative renal function, the Cr levels were significantly higher and eGFR values were significantly lower in the OS group compared with the EVAR group. In addition, the incidence of renal dysfunction (greater than 50% reduction in preoperative eGFR values) was 2.1% in the EVAR group and 7.5% in the OS group, demonstrating a significantly higher incidence of postoperative renal dysfunction in the OS group (p <0.0001). However, the rates of the new introduction of dialysis were 1.0 and 1.5% in the EVAR and OS groups, respectively, with no significant difference observed (p = 0.4775).
Risk factors of postoperative renal dysfunction and new introduction of dialysis
Univariate analysis identified operative time (p <0.0001), clamp of renal artery (p <0.0001), volume of blood transfusion (p <0.0001), surgical procedure method (EVAR, p <0.0001), ASA class III/IV (p = 0.0035), preoperative eGFR (p = 0.0213), and NYHA class III/IV (p = 0.0689) as risk factors for postoperative renal dysfunction. In multivariate analysis, operative time (p <0.0001) and clamp of renal artery (p <0.0001) remained independent risk factors of postoperative renal dysfunction. Surgical method (EVAR or OS) was not found to be an independent risk factor of postoperative renal dysfunction ( Table 3) . Univariate analysis identified operative time (p <0.0001), volume of blood 
Discussion
We previously reported lower invasiveness and more favorable outcomes following EVAR compared with OS for AAA in a multicenter study involving 10 institutions of the National Hospital Organization. 8, 9) Rates of EVAR for AAA have been increasing yearly because of the lower degree of invasiveness, with rates reaching 53% in 2011. 8, 9) Rates are likely to have increased since 2011, making EVAR the main surgical method for AAA. The major differences between EVAR and OS include the risk of residual endoleak, radiation exposure, and use of contrast medium. This study was performed to evaluate the effect of contrast medium use during EVAR on postoperative renal function; however, we found that the surgical procedure method (EVAR or OS) had no effect on postoperative renal dysfunction. Potential mechanisms underlying the potential effect of EVAR on early postoperative renal function include microembolism due to catheterization and guide-wire manipulation, the presence of a bare stent on the proximal edge, and incidental or planned occlusion of the accessory renal artery, in addition to the use of contrast medium. On the other hand, renal dysfunction may be induced during OS by the interruption of renal blood flow, the clump of renal artery, transection of the left renal vein, and intraoperative hypotension-induced decreases in renal blood flow. Regarding contrast medium-induced renal dysfunction, it has been reported that contrast nephropathy develops at a rate of several percent, and concomitant diabetes further increases the incidence. 10) In patients with renal dysfunction, such as CKD3, the use of isosmotic or hyposmotic contrast media at volumes of less than 30 cc for diagnosis and less than 100 cc for treatment are recommended. 11) In patients requiring limited volumes of contrast media, concomitant intravascular ultrasonography and carbon dioxide have demonstrated utility during EVAR. In the present study, the mean volume of contrast medium administered was 90.6 ± 30 cc, which may have been appropriate, and no significant association was observed between the preoperative renal function and the volume of contrast medium administered. Renal dysfunction induced by catheter and guide-wire manipulation may be caused by cholesterol embolism, with a higher incidence of microembolism reported following EVAR compared with OS. 12) Hoshina et al. investigated the incidence of perioperative microembolisms of the intestine or kidney in patients and identified circumferential thrombi surrounding the aneurysmal neck, during the early period following OS and at 6 months after EVAR. 13) Regarding the association between the accessory renal artery and renal function, occlusion of an accessory renal artery to less than 3 mm in diameter reportedly has no effect on postoperative renal function. Greenberg et al. evaluated postoperative eGFR values in EVAR-treated patients with an accessory renal artery, and compared patients in whom the accessory renal artery was occluded and patients in whom the accessory renal artery was preserved, with no significant difference observed between the two groups. 14) Occlusion of the accessory renal artery may, therefore, have no clinical significance.
Risk factors of renal dysfunction following OS included surgical stress, such as the interruption of the renal blood flow due to renal arterial clamping, transection of the left renal vein, perioperative blood loss, the volume of blood transfusion, and operative time. Of these, we evaluated renal arterial clamping, volume of blood transfusion, and operative time in the present study. Chong et al. reported the interruption of renal blood flow by renal arterial clamping as an independent risk factor of postoperative renal dysfunction. 15) Further, Dubois et al. reported that the duration of renal arterial clamping, number of clamped renal arteries, and transection of the left renal vein were independent risk factors of postoperative renal dysfunction. 16) In the present study, the operative time and renal arterial clamping were risk factors of early postoperative renal dysfunction.
In the present study, we defined early renal dysfunction as a reduction in eGFR of greater than 50% eGFR during the hospital stay compared with preoperative value. Cr and eGFR may be used as indices of renal function; however, we consider eGFR to be more effective and sensitive. 17) Renal dysfunction developed in 2.1 and 7.5% of patients in the EVAR and OS groups, respectively, demonstrating a significantly higher incidence in the OS group. 
Conclusion
The use of EVAR or OS for AAA repair was not identified as an independent risk factor of postoperative renal dysfunction and new introduction of dialysis in the present study. Prolonged operative time and renal arterial clamping were found to have a greater effect on postoperative renal function compared with the use of contrast medium, indicating that EVAR may also have utility in patients with renal dysfunction.
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